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                    Abstract
The influence of nano-boron nitride (BN) with a multilayered structure on the anti-aging property of fire-resistive coatings was studied. After accelerated weathering for 20 days, the thermal stabilities and fire protection of the coating without nano-BN were significantly decreased, but the coating modified by nano-BN still maintained excellent intumescent effect and fire protection. The results indicated that nano-BN could improve the anti-aging property of the coatings remarkably. FTIR and XPS characterizations suggested that nano-BN with a multilayered structure could prevent the migration behavior of the hydrophilic fire-retardant additives and keep the fixed ratio of those additives in the coating. TGA results demonstrated that nano-BN could effectively enhance the thermal stabilities of the aged coatings and improve the anti-oxidation property of the char layers formed by the coatings. XRD and EDS results proved that the anti-oxidation of the aged coatings under high temperature could be enhanced effectively after adding nano-BN. SEM observations illustrated that nano-BN addition was beneficial to the improvement of the foam structure of the aged coating.



                    
    


                    
                        
                            
                                
                                    
                                        
                                    
                                    
                                        This is a preview of subscription content, log in via an institution
                                    
                                    
                                        
                                     to check access.
                                

                            

                        

                        
                            
                                
                                    Access this article

                                    
                                        
                                            
                                                
                                                    Log in via an institution
                                                    
                                                        
                                                    
                                                
                                            

                                        
                                    
                                    
                                        
 
 
  
   
    
     
     
      Buy article PDF USD 39.95
     

    

    Price excludes VAT (USA)

     Tax calculation will be finalised during checkout.

    Instant access to the full article PDF.

   

  

  
 

 
  
   
    Rent this article via DeepDyve
     
      
     

   

  

  
 


                                    

                                    
                                        Institutional subscriptions
                                            
                                                
                                            
                                        

                                    

                                

                            
                        

                        
                            Fig. 1


Fig. 2


Fig. 3


Fig. 4


Fig. 5


Fig. 6


Fig. 7


Fig. 8


Fig. 9



                        

                    

                    
                        
                    


                    
                        
                            
                                
        
            
                Similar content being viewed by others

                
                    
                        
                            
                                
                                    

                                
                                
                                    
                                        Aspects of the reduction of the coating fire resistance by the use of nanosized additives
                                        
                                    

                                    
                                        Article
                                        
                                         30 April 2020
                                    

                                

                                O. V. Myronyuk, V. A. Raks, … H. Kara

                            
                        

                    
                        
                            
                                
                                    

                                
                                
                                    
                                        A facile strategy to fabricate an intumescent fire-retardant coating with improved fire resistance and water tolerance for steel structure
                                        
                                    

                                    
                                        Article
                                        
                                         08 June 2020
                                    

                                

                                Siqi Huo, Cheng Wang, … Zhitian Liu

                            
                        

                    
                        
                            
                                
                                    

                                
                                
                                    
                                        Flame retardancy and smoke suppression properties of transparent intumescent fire-retardant coatings reinforced with layered double hydroxides
                                        
                                    

                                    
                                        Article
                                        
                                         06 August 2019
                                    

                                

                                Zhisheng Xu, Nan Deng & Long Yan

                            
                        

                    
                

            
        
            
        
    
                            
                        
                    

                    

                    

                    References
	Duquesne, S, Magnet, S, Jama, C, Delobel, R, “Intumescent paints: fire protective coatings for metallic substrates.”  Surf. Coat. Technol., 180–181  302–307 (2004)
Article 
    
                    Google Scholar 
                

	Hu, X, Wang, G, Huang, Y, “Study on the Preparation and Properties of Novel Transparent Fire-Resistive Coatings.” J. Coat. Technol. Res., 10 (5) 717–726 (2013)

                    Google Scholar 
                

	Chuang, Y-J, Tang, C-H, Chen, P-H, Chuang, Y-H, Lin, C-Y, “Indicative Fire Tests to Investigate Heat Insulation Scenario of Wired Glasses Sprayed with Intumescent Coatings.”  J. Coat. Technol. Res., 9 (2) 143–150 (2012)
Article 
    
                    Google Scholar 
                

	Roberts, T, Shirvill, L, Waterton, K, Buckland, I, “Fire Resistance of Passive Fire Protection Coatings After Long-Term Weathering.”  Process. Saf. Environ., 88 (1) 1–19 (2010)
Article 
    
                    Google Scholar 
                

	Östman, B, Voss, A, Hughes, A, Jostein Hovde, P, Grexa, O, “Durabilities of Fire Retardant Treated Wood Products at Humid and Exterior Conditions Review of Literature.”  Fire Mater., 25 (3) 95–104 (2001)
Article 
    
                    Google Scholar 
                

	Tan, K, White, C, Benatti, D, Hunston, D, “Effects of Ultraviolet Radiation, Temperature and Moisture on Aging of Coatings and Sealants—A Chemical and Rheological Study.”  Polym. Degrad. Stabil., 95 (9) 1551–1556 (2010)
Article 
    
                    Google Scholar 
                

	Emanuel, NNM, Buchachenko, AL, Chemical Physics of Polymer Degradation and Stabilization. VSP International Science, Zeist, 1987

                    Google Scholar 
                

	Hawkins, WL, “Polymers—Properties and Applications.” In: Hawkins, WL (ed.) Polymer Degradation and Stabilization, p. 119. Springer, Berlin (1984)
Chapter 
    
                    Google Scholar 
                

	Baer, DR, Burrows, PE, El-Azab, AA, “Enhancing Coating Functionalities Using Nanoscience and Nanotechnology.”  Prog. Org. Coat., 47 (3) 342–356 (2003)
Article 
    
                    Google Scholar 
                

	Liu, G, Yarov-Yarovoy, V, Nobbs, M, Clare, J, Scheuer, T, Catterall, W, “Differential Interactions of Lamotrigine and Related Drugs with Transmembrane Segment IVS6 of Voltage-Gated Sodium Channels.”  Neuropharmacology, 44 (3) 413–422 (2003)
Article 
    
                    Google Scholar 
                

	Yang, H, Zhu, S, Pan, N, “Studying the Mechanisms of Titanium Dioxide as Ultraviolet-Blocking Additive for Films and Fabrics by an Improved Scheme.”  J. Appl. Polym. Sci., 92 (5) 3201–3210 (2004)
Article 
    
                    Google Scholar 
                

	Wang, Z, Han, E, Ke, W, “Influence of Expandable Graphite on Fire Resistance and Water Resistance of Flame-Retardant Coatings.”  Corros. Sci., 49 (5) 2237–2253 (2007)
Article 
    
                    Google Scholar 
                

	Rao, C, Cheetham, A, “Science and Technology of Nanomaterials: Current Status and Future Prospects.”  J. Mater. Chem., 11 (12) 2887–2894 (2001)
Article 
    
                    Google Scholar 
                

	Wang, Z, Han, E, Ke, W, “Influence of Nano-LDHs on Char Formation and Fire-Resistant Properties of Flame-Retardant Coating.”  Prog. Org. Coat., 53 (1) 29–37 (2005)
Article 
    
                    Google Scholar 
                

	Wang, Z, Han, E, Ke, W, “An Investigation into Fire Protection and Water Resistance of Intumescent Nano-Coatings.”  Surf. Coat. Technol., 201 (3) 1528–1535 (2006)
Article 
    
                    Google Scholar 
                

	Wang, G, Yang, J, “Influences of Expandable Graphite Modified by Polyethylene Glycol on Fire Protection of Waterborne Intumescent Fire Resistive Coating.”  Surf. Coat. Technol., 204 (21) 3599–3605 (2010)
Article 
    
                    Google Scholar 
                

	Hubáček, M, Ueki, M, Sato, T, Brožek, V, “High-Temperature Behaviour of Hexagonal Boron Nitride.”  Thermochim. Acta, 282  359–367 (1996)

                    Google Scholar 
                

	Madakbaş, S, Çakmakçı, E, Kahraman, MV, “Preparation and Thermal Properties of Polyacrylonitrile/Hexagonal boron nitride composites.” Thermochim. Acta (2012)

	Akyildiz, U, Sevinc, N, “Effect of Sodium Carbonate on Carbothermic Formation of Hexagonal Boron Nitride.”  Turkish J. Eng. Environ. Sci., 35  199–207 (2011)

                    Google Scholar 
                

	Litvinov, D, Clarke, R, Taylor, CA, II, Barlett, D, “Real-Time Strain Monitoring in Thin Film Growth: Cubic Boron Nitride on Si (100).”  Mater. Sci. Eng. B, 66 (1) 79–82 (1999)
Article 
    
                    Google Scholar 
                

	Das, M, Basu, A, Ghatak, S, Joshi, AG, “Carbothermal Synthesis of Boron Nitride Coating on PAN Carbon Fiber.”  J. Eur. Ceram. Soc., 29 (10) 2129–2134 (2009)
Article 
    
                    Google Scholar 
                

	Das, M, Ghosh, J, Basu, A, “Effect of Activation on Boron Nitride Coating on Carbon Fiber.”  Ceram. Int., 36 (8) 2511–2514 (2010)
Article 
    
                    Google Scholar 
                

	Zheng, Y, Wang, S, “Synthesis of Boron Nitride Coatings on Quartz Fibers: Thickness Control and Mechanism Research.”  Appl. Surf. Sci., 257 (24) 10752–10757 (2011)

                    Google Scholar 
                

	Dong, Y, Wang, G, “Influence of Nano-Boron Nitride on Fire Protection of Waterborne Fire Resistive Coatings.” J. Coat. Technol. Res. doi:10.1007/s11998-013-9542-y
                

	Jimenez, M, Duquesne, S, Bourbigot, S, “Characterization of the Performance of an Intumescent Fire Protective Coating.”  Surf. Coat. Technol., 201 (3) 979–987 (2006)
Article 
    
                    Google Scholar 
                

	Golberg, D, Bando, Y, Tang, C, Zhi, C, “Boron Nitride Nanotubes.”  Adv. Mater., 19 (18) 2413–2432 (2007)
Article 
    
                    Google Scholar 
                

	Sathiyanarayanan, S, Syed Azim, S, Venkatachari, G, “Corrosion Protection Coating Containing Polyaniline Glass Flake Composite for Steel.”  Electrochim. Acta, 53 (5) 2087–2094 (2008)
Article 
    
                    Google Scholar 
                

	Wang, G, Yang, J, “Influences of Glass Flakes on Fire Protection and Water Resistance of Waterborne Intumescent Fire Resistive Coating for Steel Structure.”  Prog. Org. Coat., 70 (2) 150–156 (2011)
Article 
    
                    Google Scholar 
                

	Bourbigot, S, Le Bras, M, Delobel, R, Gengembre, L, “XPS Study of an Intumescent Coating II. Application to the Ammonium Polyphosphate/Pentaerythritol/Ethylenic Terpolymer Fire Retardant System With and Without Synergistic Agent.”  Appl. Surf. Sci., 120 (1–2) 15–29 (1997)
Article 
    
                    Google Scholar 
                

	Feng, D, Zhou, Z, Bo, M, “An Investigation of the Thermal Degradation of Melamine Phosphonite by XPS and Thermal Analysis Techniques.”  Polym. Degrad. Stabil., 50 (1) 65–70 (1995)
Article 
    
                    Google Scholar 
                

	Hong, SG, “The Thermal-Oxidative Degradation of an Epoxy Adhesive on Metal Substrates: XPS and RAIR Analyses.”  Polym. Degrad. Stabil., 48 (2) 211–218 (1995)
Article 
    
                    Google Scholar 
                

	Zhu, H, Zhu, Q, Li, J, Tao, K, Xue, L, Yan, Q, “Synergistic Effect Between Expandable Graphite and Ammonium Polyphosphate on Flame Retarded Polylactide.”  Polym. Degrad. Stabil., 96 (2) 183–189 (2011)
Article 
    
                    Google Scholar 
                

	Sakumoto, Y, Nagata, J, Kodaira, A, Saito, Y, “Durabilities Evaluation of Intumescent Coating for Steel Frames.”  J. Mater. Civ. Eng., 13 (4) 274 (2001)
Article 
    
                    Google Scholar 
                

	Lipinska-Kalita, K, Kruger, M, Carlson, S, Andersen, A, “High-Pressure Studies of Titanium Pyrophosphate by Raman Scattering and Infrared Spectroscopy.”  Physica B, 337 (1) 221–229 (2003)
Article 
    
                    Google Scholar 
                

	Ferragina, C, Di Rocco, R, Giannoccaro, P, Petrilli, L, “Titanium Phosphate Surfactants Intercalation Compounds: Thermal and Structural Characterization.”  Mater. Res. Bull., 42 (8) 1422–1431 (2007)
Article 
    
                    Google Scholar 
                

	Wang, G, Yang, J, “Thermal Degradation Study of Fire Resistive Coating Containing Melamine Polyphosphate and Dipentaerythritol.”  Prog. Org. Coat., 72 (4) 605–611 (2011)
Article 
    
                    Google Scholar 
                

	Wang, G, Yang, J, “Influences of Molecular Weight of Epoxy Binder on Fire Protection of Waterborne Intumescent Fire Resistive Coating.”  Surf. Coat. Technol., 206 (8–9) 2146–2151 (2011)

                    Google Scholar 
                

	Bourbigot, S, Le Bras, M, Delobel, R, “Carbonization Mechanisms Resulting from Intumescence Association with the AMMONIUM Polyphosphate-Pentaerythritol Fire Retardant System.”  Carbon, 31 (8) 1219–1230 (1993)
Article 
    
                    Google Scholar 
                


Download references




Author information
Authors and Affiliations
	School of Materials Science and Engineering, Tongji University, 4800 Cao’an Road, Shanghai, 201804, China
Ying Dong & Guojian Wang

	Key Laboratory of Advanced Civil Engineering Materials, Ministry of Education, Tongji University, Shanghai, 201804, China
Guojian Wang

	Professional Coatings and Pigment Qualities Inspection Center of Petroleum and Chemical Industry, Shanghai, 200062, China
Qin Su


Authors	Ying DongView author publications
You can also search for this author in
                        PubMed Google Scholar



	Guojian WangView author publications
You can also search for this author in
                        PubMed Google Scholar



	Qin SuView author publications
You can also search for this author in
                        PubMed Google Scholar





Corresponding author
Correspondence to
                Guojian Wang.


Rights and permissions
Reprints and permissions


About this article
Cite this article
Dong, Y., Wang, G. & Su, Q. Influence of nano-boron nitride on anti-aging property of waterborne fire-resistive coatings.
                    J Coat Technol Res 11, 805–815 (2014). https://doi.org/10.1007/s11998-013-9538-7
Download citation
	Published: 02 November 2013

	Issue Date: September 2014

	DOI: https://doi.org/10.1007/s11998-013-9538-7


Share this article
Anyone you share the following link with will be able to read this content:
Get shareable linkSorry, a shareable link is not currently available for this article.


Copy to clipboard

                            Provided by the Springer Nature SharedIt content-sharing initiative
                        


Keywords
	Fire-resistive coating
	Nano-boron nitride
	Anti-aging
	Fire protection
	Thermal stabilities








                    
                

            

            
                
                    

                    
                        
                            
    

                        

                    

                    
                        
                    


                    
                        
                            
                                
                            

                            
                                
                                    
                                        Access this article


                                        
                                            
                                                
                                                    
                                                        Log in via an institution
                                                        
                                                            
                                                        
                                                    
                                                

                                            
                                        

                                        
                                            
 
 
  
   
    
     
     
      Buy article PDF USD 39.95
     

    

    Price excludes VAT (USA)

     Tax calculation will be finalised during checkout.

    Instant access to the full article PDF.

   

  

  
 

 
  
   
    Rent this article via DeepDyve
     
      
     

   

  

  
 


                                        

                                        
                                            Institutional subscriptions
                                                
                                                    
                                                
                                            

                                        

                                    

                                
                            

                            
                                
    
        Advertisement

        
        

    






                            

                            

                            

                        

                    

                
            

        

    
    
    


    
        
            Search

            
                
                    
                        Search by keyword or author
                        
                            
                            
                                
                                    
                                
                                Search
                            
                        

                    

                
            

        

    



    
        Navigation

        	
                    
                        Find a journal
                    
                
	
                    
                        Publish with us
                    
                
	
                    
                        Track your research
                    
                


    


    
	
		
			
			
	
		
			
			
				Discover content

					Journals A-Z
	Books A-Z


			

			
			
				Publish with us

					Publish your research
	Open access publishing


			

			
			
				Products and services

					Our products
	Librarians
	Societies
	Partners and advertisers


			

			
			
				Our imprints

					Springer
	Nature Portfolio
	BMC
	Palgrave Macmillan
	Apress


			

			
		

	



		
		
		
	
		
				
						
						
							Your privacy choices/Manage cookies
						
					
	
						
							Your US state privacy rights
						
						
					
	
						
							Accessibility statement
						
						
					
	
						
							Terms and conditions
						
						
					
	
						
							Privacy policy
						
						
					
	
						
							Help and support
						
						
					


		
	
	
		
			
				
					
					3.216.31.48
				

				Not affiliated

			

		
	
	
		
			
		
	
	© 2024 Springer Nature




	






    